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Etiology of pemphigus is quite as much a
mystery today as it was several decades ago,
although considerable progress has been made in
understanding various aspects of this disease.
Civatte, in 1943 (1), delineated the histo-
pathological criteria for diagnosis of pemphigus,
and five years later, Tzanck (2) demonstrated
the presence of acantholytic cells in smears from
the base of blisters, also outlining the process
of acantholysis. Stoughton (3—5) in a series of
investigations produced artificial acantholysis
in many ways including the use of cantharidine.
More recently, Wilgram (6), using electron
microscope has shown, that tonofibrils are the
first to undergo changes which ultimately result
in acantholysis. Studies on serum and blister
fluid have already been made by several workers,
mainly because blisters lead to a perpetual loss
of fluid, electrolytes and proteins, but there are
some unexplained controversies regarding Varia-
tions in the level of different constituents and
the deductions made frOm these observations.
We decided to undertake some of these in-
vestigations afresh to note any changes and seek
clarifications, as far as possible, in the mechanism
of these changes.
MATERIAL AND METHOD
In all, 20 cases of pemphigus comprising 16 cases
of pemphigus vulgaris, 3 cases of pemphigus erythe-
matosus and 1 case of pemphigus foliaceous were
included in this study. Most of them were under
our direct observation for variable periods of time;
and material for study from a few patients was
also received from another hospital. The clinical
diagnosis in all cases was confirmed by histo-
pathological study of the cutaneous biopsy speci-
mens and examination of smears from the base
of blisters for Tzanck cells.
Blister fluid was collected from fresh intact
blisters; 2m1 of blood was similarly drawn from the
vein and allowed to clot, and the serum separated.
These test materials were kept in the refrigerator
till used.
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Total protein estimation was done by the Biuret
method (7).
Protein fractions were obtained by paper elec-
trophoresis using 0.1M barbitone buffer at pH
8.6. 150 volts current was employed for 16 hours,
on Whatman No. 1 paper strips measuring 40 x 4
cm. The strips were stained with bromophenol blue
and 0.O1N sodium hydroxide was employed for
elution and colorimetry.
Sodium and potassium estimations were made by
flame photometry, while chloride concentration was
estimated by using Schales and Schales method of
titration against 0.O1N mercuric nitrate.
Studies were also done in 24 healthy persons to
serve as normal controls.
RESULTS
Studies on serum were done in all the 20 cases
of pemphigus but blister fluid could be obtained
in only 12 cases, 5 cases being in the stage of
remission when examined and 3 cases not having
any well-formed blisters. Therefore protein
estimations on blister fluid were made in only
12 cases. In 3 more cases, blister fluid obtained
was in very small quantity, so that electrolytes
could be estimated in only 9 cases.
The results of these estimations in serum and
the corresponding blister fluid are given in
Table I.
Comparison of the mean values in serum of
pemphigus patients and normal controls is given
in Table II.
The test of significance reveals that serum
of pemphigus patients shows hypoproteinemia
and hypoalbuminemia, while values for alpha
and gamma globulins are higher. Beta globulins
do not show any significant change, nor do all
electrolytes so investigated.
The values in the semm and the correspond-
ing blister fluid were found to approximate each
other in all aspects except those for total pro-
teins and potassium, both of which were found
to be frequently higher in blister fluid compared
to that in the corresponding serum.
DISCUSSION
Though the total protein levels show a signifi-
cant decrease in serum of pemphigus patients,
study of figures in individual cases (Fig. 1)
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TABLE I
Prolein and elecirolyle levels in serum and busier fluid of pemphigus palienis
(Absolute values of protein fractions in Gms % are given in brackets under the
corresponding values)
No.
1
Name,
Age &
Sex
S.D.
35F
Material
Serum
B.F.
Total
Proteins
G%
7.0
7.2
Albumin
Per-
centage
49.20
(3.44)
45.86
(3.30)
Globulins Percentage Electrolytes (mEq/l)
Total
50.80
(3.56)
54.14
(3.90)
Alpha I
6.11
(0.43)
3.76
(0.27)
Alpha II
9.97
(0.70)
11.28
(0.81)
&ta
7.71
(0.54)
15.04
(1.09)
Gamma
27.01
(1.89)
24.06
(1.73)
Sodium
128.43
—
4.10
—
Chloride
100.85
—
2 B.W.
50F
Serum
B.F.
5.6
7.2
47.39
(2.65)
38.49
(2.77)
52.61
(2.95)
61.51
(4.43)
5.45
(0.31)
7.95
(0.57)
14.93
(0.84)
12.55
(0.90)
11.61
(0.65)
15.90
(1.15)
20.62
(1.15)
25.10
(1.81)
136.71
155.68
4.33
4.97
102.98
101.23
3 K.K.
17M
Serum
B.F.
7.2
7.0
36.50
(2.63)
50.67
(3.55)
63.50
(4.57)
49.33
(3.45)
2.00
(0.14)
10.13
(0.71)
15.50
(1.12)
3.37
(0.23)
10.50
(0.75)
17.55
(1.23)
35.50
(2.56)
18.28
(1.28)
120.06
133.68
4.50
6.23
99.15
108.51
4 S.D.
3SF
Serum
B.F.
7.4
9.95
28.87
(2.14)
30.28
(3.01)
71.13
(5.26)
69.72
(6.94)
7.39
(0.55)
6.77
(0.67)
13.67
(1.01)
12.95
(1.29)
10.88
(0.80)
10.36
(1.03)
39.19
(2.90)
39.64
(3.95)
144.00
145.00
4.50
4.52
94.62
99.36
5 P.
33F
Serum
B.F.
6.0
—
26.40
(1.58)
—
73.60
(4.42)
—
11.60
(0.70)
—
19.60
(1.18)
—
13.20
(0.79)
—
29.20
(1.75)
—
131.81
—
4.50
—
110.02
—
6 M.D.
52F
Serum
B.F.
5.6
8.9
30.39
(1.70)
34.00
(3.03)
69.61
(3.90)
66.00
(5.87)
10.22
(0.57)
6.20
(0.55)
16.57
(0.93)
12.40
(1.10)
13.54
(0.76)
18.40
(1.64)
29.28
(1.64)
29.00
(2.58)
152.00
143.00
5.31
6.30
98.92
96.34
7 B.D.
40F
Serum
B.F.
6.8
7.2
23.21
(1.58)
35.21
(2.54)
76.79
(5.22)
64.79
(4.66)
12.90
(0.88)
5.63
(0.40)
16.76
(1.14)
10.28
(0.74)
12.78
(0.87)
15.78
(1.14)
34.35
(2.33)
33.10
(2.38)
142.33
—
4.29
—
110.85
—
8 M.C.
45 M
Serum
B.F.
6.8
8.3
38.81
(2.64)
35.63
(2.96)
61.19
(4.16)
64.37
(5.34)
5.12
(0.35)
4.43
(0.37)
10.60
(0.72)
12.08
(1.00)
13.33
(0.91)
10.86
(0.90)
32.14
(2.18)
37.00
(3.07)
142.74
—
4.50
—
102.22
—
9 J.F.V.
32M
Serum
B.F.
6.6
7.9
33.20
(2.19)
34.36
(2.71)
66.80
(4.41)
65.64
(5.19)
7.65
(0.50)
6.34
(0.50)
15.39
(1.02)
9.94
(0.79)
11.07
(0.73)
13.42
(1.06)
32.69
(2.16)
35.94
(2.84)
152.50
134.20
4.14
6.66
96.67
98.22
10 M.S.
70M
Serum
B.F.
6.4
—
39.69
(2.54)
—
60.31
(3.86)
—
5.74
(0.37)
—
11.47
(0.73)
—
12.25
(0.78)
—
30.85
(1.98)
—
120.78
—
4.20
—
103.09
—
B.F.—Blister Fluid.
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TABLE I—Continued
No.
11
Name,
Age &
Sex
B.L.
50M
Material
Serum
B.F.
Total
Proteins
G%
6.2
—
Albumin
Per-
centage
37.37
(2.32)
—
Globulins Percentage Electrolytes (mEq/l)
Total
62.63
(3.88)
—
Alpha I Alpha II
8.08 11.62
(0.50) (0.72)
— —
Beta
15.15
(0.94)
—
Gamma
27.78
(1.72)
—
Sodium
145.00
—
ta5?
4.40
—
Chloride
102.73
—
12 G.D.
50 F
Serum
B.F.
5.6
2.4
46.55
(2.61)
49.87
(1.20)
53.45
(2.99)
50.13
(1.20)
8.62
(0.48)
8.57
(0.20)
6.21
(0.35)
9.09
(0.22)
9.31
(0.52)
7.79
(0.19)
29.31
(1.64)
24.68
(0.59)
143.53
134.71
3.85
4.71
99.60
97.81
13 P.
50F
Serum
B.F.
4.6
—
48.57
(2.23)
—
51.43
(2.37)
—
3.72
(0.17)
—
6.57
(0.30)
—
10.00
(0.46)
—
31.14
(1.44)
—
160.88
—
4.71
—
102.19
—
14 G.K.
27F
Serum
B.F.
5.6
—
44.05
(2.47)
—
55.95
(3.13)
—
3.75
(0.21)
—
6.17
(0.34)
—
12.11
(0.68)
—
33.92
(1.90)
—
143.53
—
3.85
—
96.01
—
15 L.D.
2SF
Serum
B.F.
4.8
—
47.29
(2.27)
—
52.71
(2.53)
—
4.05
(0.19)
—
5.67
(0.27)
—
12.18
(0.59)
—
30.85
(1.48)
—
141.27
—
3.55
—
114.40
—
16 S.S.
19M
Serum
B.F.
3.9
—
49.50
(1.93)
—
50.50
(1.97)
—
3.00
(0.12)
—
6.50
(0.24)
—
8.50
(0.34)
—
32.50
(1.27)
—
153.21
—
5.12
—
102.55
—
17 S.D.
55M
Serum
B.F.
5.2
—
48.00
(2.50)
—
52.00
(2.70)
—
6.80
(0.35)
—
5.60
(0.29)
—
10.40
(0.54)
—
29.20
(1.52)
—
141.27
—
4.26
—
107.61
—
18 K.D.
35M
Serum
B.F.
6.6
4.8
41.86
(2.76)
46.67
(2.24)
58.14
(3.84)
53.33
(2.56)
5.43
(0.36)
4.67
(0.22)
5.43
(0.36)
6.00
(0.29)
16.28
(1.07)
14.13
(0.68)
31.00
(2.05)
28.53
(1.37)
150.38
145.00
5.00
4.37
100.78
99.80
19 B.D.
55F
Serum
B.F.
5.0
4.8
47.97
(2.40)
47.01
(2.26)
52.03
(2.60)
52.99
(2.54)
1.16
(0.06)
1.00
(0.05)
11.56
(0.58)
9.36
(0.45)
15.61
(0.78)
9.36
(0.45)
23.70
(1.18)
33.27
(1.59)
153.21
142.27
4.62
6.50
106.27
105.29
20 M.D.
65 F
Serum
B.F.
4.1
3.5
53.30
(2.19)
49.74
(1.74)
46.70
(1.91)
50.26
(1.76)
2.75
(0.11)
4.23
(0.15)
7.14
(0.29)
8.99
(0.32)
6.04
(0.25)
12.70
(0.44)
30.77
(1.26)
24.34
(0.85)
143.73
153.21
4.50
4.25
97.84
98.43
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TABLE II
Mean values of serum proteins and electrolytes
in normal controls and pemphigus patients
with the "Test of Significance"
Mean Value
DII- Value
Variables
Normal
serum
phis
serum
ference
of Mean
of
"1"
No. of cases ob- 24 20
served
Total proteins 6.66 5.85 —0.81 33*
(g. %)
Albumin (%age) 53.05
(3.53)
40.91
(2.39)
—12.14 6.4f
Total globulin (% 46.95 59.09 +12.144.82f
age) (3.13) (3.46)
Alpha-i globulin 4.80 6.08 +i.28 1.50
(% age) (0.32) (0.36)
Alpha-2 globulin 7.77 10.85 +3.082.6t
(% age) (0.52) (0.63)
Beta globulin (% 10.85 11.62 +0.77 0.9
age) (0.72) (0.68)
Gammaglobulin(% 23.51 30.55 +7.04 5.9f
age) (1.56) (1.79)
Sodium (m.Eq./l.) 140.46 142.57 +2.11 0.5
Potassium (m.Eq./l.) 4.51 4.41 —0.100.72
Chloride (m.Eq./l.) 101.51 102.47 +0.960.7
* Significant at 1%.
f Significant at 0.01%.
t Significant at 2%.
Others—not significant.
reveals that some of the cases have values within
the normal range, while others show a marked
decrease. This to some degree explains the con-
troversial results given by Lever (8), reporting
hypoproteinemia, and Feldaker (9), reporting
normal values for total proteins. It may then
be inferred that the level of total proteins iii
serum varies in different patients and that it
seems to depend upon the balance between the
degree of loss through skin blisters and the
replacement from diet and endogenous sources.
A fall in serum albumin and a rise in alpha
and gamma globulins with a normal value for
beta globulin is in conformity with the reports
by Lever (10—13), Fisher (14), Feldaker (9),
Furtado (15) and Matras (16—17). Whereas
hypoalbuminemia and hypergamma-globu]in-
emia are the most constant findings, rise in
alpha globulins is not as constant and is normal
in some cases, a finding also reported by
Feldaker (9) and Furtado (15).
The mechanism of these changes in serum
has been a subject of great interesf and curi-
osity. The belief that hypoalbuminemia is the
result of selective loss of albumin through skin
because of its smaller molecular size is com-
pletely ruled out by concomitant study of
blister fluid proteins, which indicates that all
the fractions are lost in the same ratio as they
are present in serum. Lever (8, 10) suggested
TOTAL PROTEINS
4.
4.
.SS • , S S
•S
.
.• .•
•S •
S •
******* **
* t
** *
10.0
9.0
E0
7.0
6.0
5.00
•j 4.0C
I—o 3.0
I—
2.0
1.0
* NORMAL SERUM (24 cases)
• PEMPHIGUS SERUM (20 cases)
-0- PEMPHIGUS BLISTER FLUID (12 cases)
4.
4.
4.
4.
NORMAL SERUM PEMPHIGUS
SERUM
PEMPHIGUS BLISTER
FLUID
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that the body has only a limited capacity to
augment replacement of albumin, as compared
to that of globulins. When the loss of proteins
through skin becomes excessive, the globulins
are regenerated faster than albumin and thus a
relative hypoalbuminemia results. He concluded,
that the dysproteinemia is of no etiological sig-
nificance. On the other hand, in our studies, the
type of deviation suggests an explanation not
so simple as that. A consistent and marked rise
is gamma globulins and a variable rise in alpha
globulins with normal beta globulins indicate an
active response of the body to the disease.
Alpha globulins are known to rise in inflamma-
tory processes, particularly those associated
with necrosis. Lever, in 1952, pointed out that
rise in alpha globulins in pemphigus sera is due
to alpha glycoproteins. Furtado (18) reported
the presence of C-reactive protein (which is a
glycoprotein) in cases of pemphigus foliaceous
and C.R.P. is known to move with alpha globu-
lins on electrophoresis. All this indicates an ac-
tive response of the body to the disease. How-
ever, the relationship between an increase in
alpha globulins and presence of C.R.P. in serum
of pemphigus cases remains to be proved. Simi-
larly, rise in gamma globulin is indicative of an
immunologic response on the part of the body,
whether of infectious origin or otherwise is
difficult to say, since there are many other con-
ditions, such as collagen disorders, which al-
though not infectious in origin nevertheless
show a marked increase in gamma globulins.
The presence of hypergammaglobulinemia and
a good clinical response of these patients to
steroids and the limitation of this disease to
deeper epidermal cells may be taken as evidence
of pemphigus being an autoimmune disease.
Tonofibrils in prickle cells may be constituting
the auto-antigen, though much remains to be
proved, to substantiate this hypothesis.
Similarity of levels of proteins and electrolytes
in serum and blister fluid of pemphigus patients
indicates that most of the proteins and electro-
lytes in the blister fluid are derived from the
blodd. The increase in capillary permeability is
so great that all types of proteins pass through,
irrespective of their molecular weights. Higher
values of total proteins in blister fluid compared
to those in the corresponding serum, as were
also reported by Lever (8, 10) and Burbach
(19), indicate that there is some other source
of proteins as well, which adds to the blister
contents. Since the blister fluid also shows a
higher content of potassium when compared to
serum, the most likely source of both these
constituents is disintegration of epidermal cells,
for which there is doubtless microscopic evi-
dence.
It may therefore be concluded that in
pemphigus intra-epidermal cavity formation by
acantholysis and subsequent disintegration of
cells is the primary event. The products of this
cell disintegration, which may include several
polypeptides, lead to increased permeability of
blood vessels and collection of fluid, electrolytes
and colloids in the cavity. To this fluid are
added extra quantities of proteins and potas-
sium and possibly other, as yet uninvestigated,
substances from the epidermal cells. The final
composition of blister fluid then depends upon
the relative preponderance of either of these two
processes, i.e. (1) cell disintegration and (2)
increased permeability and exudation from
blood vessels.
SUMMARY
Protein and electrolyte levels in serum and
blister fluid were estimated in 20 cases of
pemphigus and the results compared with a
group of 24 normal controls. Serum of pemphi-
gus patients showed a lower value for total
proteins and albumin and an increase in alpha
and gamma globulins. The patterns of proteins
and electrolytes in blister fluid were similar to
those in the serum, but values for total proteins
and potassium were foimd to be frequently
higher in blister fluid as compared to those in
the corresponding serum.
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